Abstract: Enterprises need to develop a process to determine how to find and develop new product ideas and finally, how to successfully introduce them to the marketplace. To address this problem, conceptions of Optimal Introduction Period and Correlative Profit were presented. Based on the quantitative description of the product life cycle, a Non-Linear Semi-Infinite Programming model of new product introduction was proposed. The proposed model was solved by improved Particle Swarm Optimization (PSO) algorithms. Optimal solution of the given example shows that Particle Swarm Optimization has become the hotspot of evolutionary computation because of its excellent performance and simplicity for implement in solving combined optimization problems.
INTRODUCTION
New product development has become the focus in industrial competition. In many industries, offerings of new product are on the rise at a time when the total market of old products is saturated [1, 2] . New technologies are proliferating at an increasing rate rendering existing products obsolete [3] . Customers are demanding more customization and better responsiveness at lower prices [4, 5] . New product development (NPD), therefore, has long been regarded as a powerful yet risky strategy for companies following an aggressive differentiation-driven strategy [6, 7] . In the past, the processes of new product development had been almost considered and managed as something episodic and with low interaction with the normal activity of the firm. Nowadays, the context of market competition is changing, such as the growing rate of diverse and unpredictable advances in technology and business environment. The increasingly demanding market and the intense global competition require prompt and effective management of product and process innovation. Evidence indicates that product life cycles are getting shorter in most industries, that is, not restricted to high-tech industries [8, 9] . New product and process development are no longer episodic and sporadic, they become issues of daily operations management [10] . New product development has been extensively studied. Earlier research work focuses on case studies of the development of specific new product [11] . They provide detailed description of each phase of the development process, but lack statistical and validity analyses. Thus, researchers began to investigate larger samples. They usually focus on groups of both the successful and not so successful products [12, 13] . The optimal determination of allocating resources to R&D development projects are This work is supported by National Nature Science Foundation under Grant (No. 60274027) found to have an impact on the market value of a product with late announcement of its introduction. Hendricks and Singhal [14] estimate delay announcements cause an average of 5.25% decrease in the product value, conclude is that there are significant penalties for not introducing new product on time. Some evidence indicates that the later in entering the market, the higher will be the development and manufacturing costs, and the lower the market shares and profit margins [15] [16] [17] [18] . The tremendous growth of the Internet, and particularly the World Wide Web, has led to a global Electronic commerce.
In the E-commerce environment, many product are sold at the same marketplace, we must consider the correlativity of products. Every product in the marketplace has substitutes and complements. For example, DVD is a substitute for VCD, and Computer hardware is a classic complement of computer operating systems. Demand for a product decreases with its substitute increase; On the other hand, Demand for a product can increases with its complements increase. There for, the introduction time and the correlativity of products are the fundamental elements that must be considered when make the new product introduction planning. Mehrez and David [19] present a non-linear mathematical programming model to determine the timing and duration for R&D project tasks. Armstrong and Lévesque [20] formulate a model of deciding whether to enter the market or to continue development for ventures facing diminishing returns to product quality. Koufteros et.al. [21] describes a framework for product development practices, and discusses relations among these variables as well as important performance variables (product innovation, quality, premium pricing, and profitability). Wan et.al. [22] present a 0-1 Semi-Infinite Programming Model to screen products to be introduced. This paper focuses on the screen of new products to be introduced into the market, and then a quantitative approach was proposed. Based on the quantitative description of product life cycle, a Non-Linear Semi-Infinite Programming model of new product introduction was proposed. Some numerical results are included to show its potential for industrial applications. The rest of the paper is organized as follows. Section 2 contains the description of the basic PSO algorithms. A Non-Linear Semi-Infinite Programming model of new product introduction was proposed in section 3. The improved PSO algorithms are described in section 4. Some numerical results applying the algorithm are reported in Section 5. Concluding remarks are made in Section 6.
BASIC PSO ALGORITHMS
Particle swarm optimization (PSO) is an evolutionary computation technique developed by Eberhart and kennedy in 1995 [23] . Inspired by social behavior of bird flocking or fish schooling, a number of scientists have created computer simulations of various interpretations of the movement of organisms in a bird flock or fish school [24, 25] . These simulations relied heavily on manipulation of inter-individual distances; that is, the synchrony of flocking behavior was thought to be a function of birds' efforts to maintain an optimum distance between themselves and their neighbors. In theory at least, individual members of the school can profit from the discoveries and previous experience of all other members of the school during the search for food. This advantage can become decisive, outweighing the disadvantages of competition for food items, whenever the resource is unpredictably distributed in patches. 
This is the first formula proposed by Eberhart and kennedy [1] .
Where c 1 ,c 2 are learning factors, and r 1 ,r 2 are random number between (0,1). Particles' velocities is clamped to velocity (v min , v max ). If the sum of accelerations would cause the velocity to exceed (v min , v max ), parameters specified by the user. Then the velocity on that dimension is limited to (v min , v max ). The stop criteria are that the maximum iteration number is reached or the minimum error condition is satisfied. Literature [26] improved formula (1),(2) as follow:
Where w is a positive number called inertia factors, and į is called constraint factor. Formula (3) and (4) The profit function of i-th product expressed as follow:
where a i and b i (i=1,2,…, n) are parameters. Given the peak profit p i , and r i , the time that achieved max profit, we can obtaine a i and b i as follow:
Model for New Product Combinatorial Introduction Planning
Assuming that there are n kinds of products to be introduced, the development cost of the i-th product is c i , and its profit curve is f i (t). Furthermore, we define other variants of i-th product as follow.
[d i1 ,d i2 ] : the optimal introduction period. If the product are introduced before this period, it can obtained the per unit time penalty ratio Į. Contrarily, If the product are introduced after this period, it can obtained the per unit time penalty ratio ȕ. r i j (|r ij |<1 and r ji = r ij .): the correlative parameters. Product i and j are complement products for each other when r ij >0; Product i and j are irrespective when r ij =0; Product i and j are substituted products for each other when r ij <0.
T : the period of planning. x i : the introducing time of i-th product.
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Where, x i is integer, and 
sgn(x is a signal function defined as follow:
Considering the delay penalty, we improve the profit curve of i-th product as:
The correlative between two products can be represented as:
The known objective profit curve of the enterprise is s(t), the profit curve of online old products is p
(t). Set g(t) = s(t)-p(t), we can formulate the Non-Linear Semi-Infinite
Programming model:
Where s(t) = S(1+r)
t ( S is the enterprise's profit target for the current year, r is the expected growth rate), since development time is determined in old products' growth stage, the profit curve of old products can be expressed as π
Assuming that p is current year profit from old products, q is the total profit forecast during the next T years, it is easy to obtain that
Here "semi-infinite programming " means a optimization problem with finite variables under infinite constraints [27] .
THE IMPROVED PSO ALGORITHM

Decoding
In this problem, we adopt the introduce time vector as the Particle's code, that is, use X=[ x 1 , x 2 , …, x n ] represent a Particle. Where, x i is defined by formula (6).
Evaluation Function
Assuming that F max is the maximum of objective function of this iterations, the objective function can be transformed as:
The fitness function can be presented as
Where, M is a parameter vary with iteration times to ensure the algrithm converges to an optimal solution.
Particle Motion Formula
On account of the integer particle vector, we introduce the follow formula as the motion operator. 
Where, c 0 is a constant between (0,1), used to determine whether adopt stochastic disturb; 
Stop Criteria
When the iteration times exceed the big enough integer NG, finish the calculation, and export the optimal solution.
Procedure
Step 1: Given the stop number of generations, Particle swarm size PS, and learning factors c 0 ,c 1 ,c 2 . Set k=0, generate randomly the initial Particle swarm
" }, the initial historical optimal solution X(*) and F(*);
Step 2: Calculating the fitness value of each Particle, Comparing the initial historical optimal solution X(*) and F(*) with the current value;
Step 3: Improving the motion operator by formula (14) and (15) .
Step 4: If K<PG, then K=K+1,and return to Step 2; else, finish the calculation, and export the optimal solution.
NUMERICAL
EXAMPLES AND DISCUSSION
Assume that there are 15 products to be developed and introduced into the market. The market investigation prediction values of these products are shown in Table. 1. For the sake of convenience, all value units are ignored. Assume that the profit of old products in the current year is 180, the predicted total profit during the next T(T is set to 3 years, that is 12 quarters) years is 1000. The target profit for the current year is 180, the rate of increase per year is 0.1. Eliminate the rows and columns whose elements are all 0, the simplified correlative parameter matrix of products are as shown in Table. 2. SetĮ=0.1, ȕ=0.01, and given PG=100, c 0 =0.9, c 1 = c 2 = 2, PS=80. With many times Experiment, the results are as shown in Table 3 . Experiment shows that only two products are out of the optimal introduction period after introduced the correlative parameters. Because product 5 and 9 are the substitutes of other products, they are eliminated. As a result, product 1,2, and 15 are complement products for each other, the potential profit of enterprise can increase, and the introduction cost will decrease. There for, the optimal introduction time and the correlativity of products are the fundamental elements that must be considered when make the new product introduction planning. Also, the above examples indicates that comparing to GA , the advantages of PSO is that it is easy to implement, there are few parameters to adjust, and can get the result quickly.
CONCLUSIONS
The study in this paper leads us to following conclusions: 1) The new production introduction planning model is more applicable due to the introduction of the correlative profit and the optimal introduction period.
2) The proposed Non-Linear Semi-Infinite Programming approach can closely describe the discussed new production introduction planning problems.
The recommended improved PSO has a great potential for solving large scale non linear semi-infinite programming models. It can work out the optimal solution with short time.
